Abstract. To improve the throughput and the outage probability of the Cognitive Radio (CR) inspired system, a novel Non-Orthogonal Multiple Access (NOMA) can be deployed to adapt multiple services in 5G wireless communication. In this scheme, after the reception of the superposition coded symbol with a predefined power allocation factors from the primary source, the relay decodes and forwards with a new superposition coded symbol (i.e. allocating another power factors) to the destination. By employing twin antenna design at the relay, the bandwidth efficiency in such scheme will be improved. Assuming Rayleigh fading channels, the closed-form expressions in terms of throughput and the outage performance are derived. Through numerical results, they showed that the outage performance of the proposed scheme using a Single Antenna (SA) scheme at the relay is better than a Twin Antenna (TA) scheme because SA scheme is not affected by its own antenna interference.
Introduction
The physical connection technology in mobile networks are called Radio Access Network (RAN). By allocating a subcarrier for many users in the same time, Non-Orthogonal Multiple Access (NOMA) has higher throughput than Orthogonal Frequency Division Multiple Access (OFDMA) [1] . Therefore, NOMA promises to become the future mobile network technology. In particular, the next-generation (5G) network has a higher requirement for system performance in terms of throughput and bandwidth efficiency. By using the superimposed signal at the transmitter and the continuous noise cancellation at the receiver [2] and [3] , NOMA provides higher spectral efficiency. In a NOMA system, to improve capacity, Successive Interference Cancellation (SIC) is used. For downlink transmissions, by using different power factors, the source can transmit multiplexed signals for multiple destinations over the same subcarrier. The source detects the received signals at each destination. The first destination has the best Signal to Noise Ratio (SNR) which is successfully decoded by using the SIC. The best quality signal is regenerated by extracting its own symbol from the received complex signal [4] .
Regarding recent advance in NOMA, the coverage extend can be addressed by using relaying networks in NOMA with respect to enhanced outage performance and capacity as investigations in [5] and [6] . The authors in [7] further apply the NOMA principle to a Multiple-Input Single-Output (MISO) system, and solve the downlink sum rate maximization problem. To consider a more practical situation, [8] proposes full-duplex relay which decodes received symbols and simultaneously sends a superimposed composite signal to the destinations.
In other line of research as in [9] and [10] , energy harvesting assisted system model are introduced as potential source to prolong lifetime of such wireless networks. Cooperative Simultaneous Wireless Information and Power Transfer (SWIPT) NOMA protocol was proposed in [11] , in which the NOMA-strong users are considered as energy harvesting relays to help the NOMA-weak users. Closed-form expressions for sumthroughput and outage probability with static powers for different users for the uplink NOMA system were derived in [12] . Additionally, the joint Antenna Selection (AS) scheme can be proposed in multiple antenna cognitive radio-inspired NOMA network such as in [13] , where the authors introduced an algorithm to optimize the signal-to-noise ratio as examining the secondary user performance adapt to under the quality of service for the primary user.
To improve spectrum efficiency is the paradigm of underlay Cognitive Radio (CR) networks, which was proposed in [14] and has rekindled increasing interest in using the spectrum more efficiently. The key idea of underlay CR networks is that each secondary user is allowed to access the spectrum of the primary users as long as the secondary meets a certain interference threshold in the primary network. In [15] , an underlay CR network taking into account the spatial distribution of the secondary user relays and primary users were considered, and its performance was evaluated by using stochastic geometry tools. Motivated by above analysis, especially [8] and [15], we explore outage and throughput performance of potential CRinspired NOMA scheme. The main contribution of this paper relies in idea of CR-NOMA opportunistically serving the primary user on the condition that the secondary user's Quality of Service (QoS) is guaranteed.
The rest of this paper is organized as follows. Section 2. presents the system model of CR-NOMA. In Sec. 3. , we perform the performance system analysis. Section 4. examines the analysis and simulation results. Finally, Sec. 5.
completes with conclusion remarks for the paper and reviews the important results.
2.
System Models of CR-NOMA
In this paper, a downlink wireless transmitter system consists of a primary source and a number of User Equipments (UEs). Relays are operated in full-duplex modes and the destinations have only one antenna. In such proposed schemes, relays in the CR-NOMA system are equipped with a twin antenna or a single antenna.
In practice, NOMA can be considered as a special scenario of CR systems [15] . In such CR-NOMA, a primary user with poor channel conditions is assigned to same spectrum sharing with secondary users who are with strong channel conditions. The main reason to deploy CR-NOMA is that the QoS requirement is guaranteed for the weak users.
For simplicity in the following analysis, Primary Source, Primary Relay 1, Secondary Relay 2, Primary Destination 1, and Secondary Destination 2 are denoted as PS, PR1, SR2, PD1 and SD2, respectively. In addition, we assumed that channels between the P S transmitting to PR1 and SR2 are two independent random variables following a complex Gaussian distribution with zero mean and variances, i.e., R2 . Each of UEs can either function as a terminal device or a relay. In NOMA system, the case of poor signal quality, the system requires a relay for forwarding the signal. In particular, when the signal channels from PS to PD1 and SD2 are poor, in this case, two others UEs (so-called relay) which obtain strong signals, are used for dual-hop cooperative transmission. P S is the transmission power of the PS. It can be assumed in NOMA, the selected channel arrangement is required as |h S,R1 | 2 > |h S,R2 | 2 .
2.1.
CR-NOMA Using a TA Scheme Figure 2 is an illustration of CR-NOMA using a Twin Antenna (TA) scheme at each of the relays for bandwidth efficiency enhancement. To complete a transmission round, two time slots are necessary to transmit a signal from PS to the destinations P D and SD.
In the First Time Slot (FTS), P S sends a mixed signal S
where M 1 and M 2 are the incoming signals for P D1 and SD1, respectively. The power factors for PD1 and SD2 are the sum of both α S and β S , where α S + β S = 1. At relay, P R1 receives a signal following expression as:
Similarly, the signal received at relay SR2 is
where n S,Ri , i ∈ {1, 2}, is Additive White Gaussian Noise (AWGN) and following n S,i ∼ CN (0, N 0 ) and the residual loop self-interference (LI) is modeled as a Rayleigh fading feedback channel with coefficient h LI,Ri , where i ∈ {1, 2}. The received signals will be decoded by using SIC at both relays. In phase 1, for PR1, M 2 will be decoded by treating M 1 as interference and M 2 has the achievable Signal-to-Interference-plusNoise Ratio (SINR) defined as:
where
In phase 2, after decoding M 2 , relay PR1 will then subtract M 2 from the mixed signal with AWGN and LI. Therefore, M 1 has the achievable SINR of
In the same way, at relay SR2 for phase one, M 2 will be decoded by treating M 1 as interference and M 2 has the achievable SINR as below:
where ρ R2 = P R2 N 0 , and in phase second, it subtracts M 2 from the signals.
Then, the instantaneous rate at both of relays are
where i ∈ {1, 2}. And in the Second Time Slot (STS), PR1 sentM 1 to PD1, while SR2 was sendingM 2 to SD2. The signals are received at PD1 and SD1 are presented as:
and y
Therefore, SINRs for P D1 and SD1 can be written as
and
Achievable rate at both P D1 and SD2 are
where i ∈ {1, 2}.
CR-NOMA Using a SA Scheme
In this scheme, the P S sends a mixed signal S 
These are decoded M 2 by treating M 1 and n S,Ri as noise, and we have SNR as below:
and then, SNR is computed to decode M 1 :
Next, the achievable rates at both P R1 and SR2 are computed by
In the STS, the received signals at both destinations are expressed by y SA Di as:
where i ∈ {1, 2} and ω Ri = 1. That means the relay uses 100 % of the transmit power to transmit signals to the destinations.
By using available CSI, the signal is decoded which is denoted as γ SA Di , where i ∈ {1, 2}:
Therefore, the achievable rate at destination R SA Di , where i ∈ {1, 2}, can be expressed as
The Performance System Analysis
The performance of our proposed model is presented by the evaluation results as outage probability and system throughput, respectively.
Outage Probability System Analysis
In this section, we investigate the outage probability of CR-NOMA with both TA and SA schemes. In addition, we propose using a portion of the power to generate the signal, and the remaining power is used for the purpose of energy harvesting.
1)
Outage Probability System of CR-NOMA Using a TA Scheme
The predefined value of minimum rates for P D1, SD2 are denoted as R min 1 and R min 2 , respectively. If the achievable data rate is less than the minimum data rate, an outage will occur.
O,D1 as the event of the outage at P D1 which is expressed by
and the event of the outage at SD2 is denoted P T A O,D2 :
where 
2) Outage Probability Analysis of CR-NOMA Scheme Using a SA Scheme
In order to evaluate system performance using SA at the relay, we can compute outage event as follows:
Proposition 2: In this scheme, the outage probability at P D1 is expressed as:
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Throughput Analysis
In this section, we analyze the throughput of T A and SA scheme. The throughput performance of CR-NOMA using a T A scheme is P T A D1+D2 which is expressed as:
(34) And the throughput performance of CR-NOMA using a SA scheme is P T A D1+D2 which is computed as
The Proposed Power Reallocation at Relays
At both destinations, the received signals are expressed as:
where i ∈ {1, 2}. Thus, SNR each of destination is expressed as:
We propose various power factors at P R1 and SR2 which were ∆ R1 and ∆ R2 respectively. Instead of using 100 % of the transmit power, excess power (1 − ∆ R1 ), where i ∈ {1, 2}, is used to transmit the energy to the receiver. Therefore, the signals received at P R1 and SR2 are expressed as:
where ∆ R1 = α S , ∆ R2 = βS and Θ is a silent signal.
At P D1, the received signal which is decoded by extracting n 1 and then we compute SNR as:
Similarly, P D1 and SD2 can be obtained the achievable rates as
Numerical Results
In this section, we perform the analysis and simulation for both models. Firstly, this study provides valuable evaluations and simulations regarding on the outage probability and hence these proposed models demonstrate the quality of the system. It is important to notice that the system with the lower outage probability has better performance, and the higher throughput has better performance as well. The outage probability results and the few important parameters of the system are presented below. Figure 3 shows the achieved outage probability by our proposed system models with α S = 0.2, β S = 0.8, R min 1 = R min 2 = 0.5 b·s −1 ·Hz −1 , channel gains are set as σ S,D2 = 0.1, and the transmission SNRs of the P S from 0 dB to 50 dB to compare the outage probability of two models, namely SA and TA versus NOMA without relay in [2] . Moreover, Fig. 3 shows that the SA scheme has better performance than the TA scheme for all values of transmit SNR at the source due to existence of self-interference in TA. With the increasing level of transmitting SNRs, the outage performance of these schemes will be enhanced and hardly improves even at high SNR. Such phenomenon can be explained by the fact that the outage performance greatly depends on the power for signal processing. The performance gap of three schemes will be clearer at very high value of transmit SNR. and Po
OFDMA D2
are worse compared to the results of NOMA system with SA relay, namely Po SA D1,D2 . To ensure that the comparison is objective, we apply the same simulation parameters as in all proposed schemes. Figure 4 illustrates the throughput of the CR-NOMA, in two modes regarding antenna architecture at the relay and the SNR threshold from 0 dB to 50 dB, below the threshold for outage, R th = 0.5 b·s −1 ·Hz −1 . The results show that the SA scheme can achieve superior throughput performance to the TA scheme. In addition, it outperforms both the OFDMA and the direct link schemes. In particular, SA model with EH, which was denoted as P SA,EH D1+D2 , also gives a decent system quality compared to other models, except for SA model without EH. As a result, both TA with EH and TA with EH schemes have the worst throughput. However, these results can be improved by increasing the transmit SNRs.
Next, we perform a system performance evaluation by comparing the outage probability of the SA and TA scheme versus the SA with EH and TA with EH scheme which we proposed. In Fig. 5 , the outage probability results of both P D1 and SD2 in SA and TA schemes, respectively, remain the same as in Fig. 3 . We also investigate the outage probability analysis of P D1 and SD2 in SA and EH, TA and EH at the relays. The outage probability results of both SA with EH and TA with EH, namely Po
SA,EH Di
and Po
, showed that they are worse than without EH. But these results still guarantee QoS to the end user without having to use 100 % of the transmit power at the relay.
In Fig. 3 , the outage probability results of P D1 and SD2 in TA scheme are worse than other results in other schemes, e.g. SA, SA and EH, OFDMA schemes. Therefore, the results in TA scheme need to be im-proved by adjusting the thresholds. The QoS of this scheme has been changed. Due to the influence of target rate on outage performance, each scheme achieves the different performance and such performance gap changes linearly with the varying transmit SNR at the source (see Fig. 6 ). It can be noticed that higher target rate leads to worse outage performance.
In Fig. 7 , we analyzed the system throughput of the TA scheme with different thresholds R min 1 = R min 2 = {0.2, 0.5, 0.7}. In Fig. 7 , the throughput results of the users with the threshold R min 1 = R min 2 = 0.2 have the best performance at low SNRs. The cause is the users have the best outage probability results with R min 1 = R min 2 = 0.2 as showed in Fig. 6 . In addition, by increasing SNRs from 25 dB or higher, the throughput results of the users in the proposed models also increased to a corresponding SNRs level, which was gradually reduced R min 1 = R min 2 = {0.7, 0.5, 0.2}, in order. To demonstrate the performance of the TA with EH and SA with EH schemes, we investigated outage probability results for users in the considered CR-NOMA with following parameters: power allocation factor are (α S = ∆ R1 = 0.2, β S = ∆ R2 = 0.8) and the bit rate threshold is 0.5 b·s
The results show that the proposed energy harvesting for the users P D1 and SD2 in such NOMA scheme can dramatically improve the outage performance with higher power allocation. In case of more power allocated for the NOMA energy harvested user, the outage performance of NOMA is also gradually decreased. The results also showed that the performance curves for simulation and analysis in each scheme are matching. Figure 9 showed the comparison of the system throughput result of the user on TA with EH, and SA with EH schemes as applying energy harvesting for P D1 and SD2. In this investigation, the P R1 and SR2 used only a part of 100 % of the transmit power that were denoted ∆ R1 and ∆ R2 for second hop transmission. The results of the users in these schemes still achieve throughput performance as solid line and hexagram maker in Fig. 7 on R min 1 = R min 2 = 0.5 b·s −1 ·Hz −1 . The results show that even though the P R1 and SR2 do not need to use 100 % power, they still guarantee service quality to the users. That means the users not only are served with good quality but also are supplied power to charge the battery.
Conclusion
In this investigation, we suggested a novel scheme using CR-NOMA and derived the closed-form expressions of the outage probability and throughput, especially in evaluation of impact of full-duplex relay scheme. By means of numerical results, it is confirmed that our proposed scheme provides design for CR-NOMA with SA is significantly enhanced compared with the CR-NOMA using TA. In addition, impact of wireless energy harvesting to NOMA with the suggested scheme has been analysed, which offers comprehensive design of CR-NOMA system in the future. We can compute the outage probability for D1 by using TA scheme as below:
Following several computation steps as below, Proposition 1 can be proved completely:
, where
and χ 1 = 2 2Rmin 1 − 1,
, where R1 = ω R1 = 1 if relay uses 100 % of the transmit power or R1 = ∆ R1 = α S if relay does not use 100 % of the transmit power.
Similarly, we can obtain
and χ 2 = 2 2Rmin 2 − 1.
Next, we compute
LI,R2
, where ψ 4 = (β S − χ 2 α S ) ρ S σ , where R2 = ω R2 = 1 if relay uses 100 % of the transmit power or R2 = ∆ R2 = β S if relay does not use 100 % of the transmit power.
Similarly, we can compute outage event for D2 as below: , |h S,R1 | 2 ≥ χ 2 |h LI,R1 | 2 ω R1 ρ R1 + 1
It is worth noting that Q 1 , Q 3 , Q 4 , and Q 5 can be obtained in previous section.
Appendix B Proof of Proposition 2
To prove Proposition 2, the outage probability can be re-written as , |h S,R1 | 2 ≥ χ 2 |h LI,R1 | 2 ω R1 ρ R1 + 1
Similarly, the probability for SD2 in SA mode can be defined as follows: It is important to notice that the computations for Q 1 , Q 2 , Q 3 , Q 4 , and Q 5 can be solved similarly as in proof of Proposition 1.
This is the end of the proof.
